filled with air. The subject was connected to the apparatus by an anaesthetic mask which, because of its pneumatic cushion, formed an air-tight seal when pressed against the subject's face. The test was performed with the subject standing, and the face mask was tested for leaks with each subject. This procedure had the added advantage of instructing the subject in the importance of maintaining an air-tight seal. The subject was instructed to breathe through his mouth, and then the following tests were performed.
Vital capacity determinations were practised until it was certain that the subject thoroughly understood what was required of him. Three vital capacity measurements were then made in succession. These measurements, together with a further three made at the end of the series of tests, were averaged to determine the subject's vital capacity.
The maximum ventilation test was carried out in time to a metronome. Each beat of the metronome was the signal for beginning either inspiration or expiration. The metronome was first set at 60 per minute, so that the respiratory rate was 30 per minute. In this experiment the subject was instructed to breathe as deeply as possible in time to the metronome. During the performance of the test the subject, irrespective of his performance, was exhorted to keep in time with the metronome and to breathe as deeply as possible. The maximum ventilation test was repeated at 40 and 50 R.P.M. with intervals of 10 minutes between the tests.
After 10 minutes' rest, three more vital capacity determinations were made. The spirometer tracings were taken on a drum moving at five times the usual rate for metabolic rate measurements, and with the help of a time scale the precise rate of breathing was determined. All the subjects achieved a rate of breathing within I or 2 R.P.M. of that set by the metronome.
The over-breathing was continued for periods of 12 to 24 seconds in different experiments. The tidal air was measured directly, and the M.V.C. in litres per minute at a known rate of breathing was calculated from the breaths taken during the last 12 seconds of over-ventilation. The readings were corrected to 370 C. at the ambient pressure. During this last period of 12 seconds the subjects seemed to have reached their maximum tidal air. Some subjects produced their maximum tidal air from the first breath; all of them did so within 12 seconds. Table I gives a measure of the physical characteristics of the group of subjects used. The group is comparable in physical proportions with that investigated by Baldwin and others (1948) . In Table II The average value for the M.V.C. is included at each rate. The mean value for the M.V.C. of our group at 50 R.P.M. is significantly higher than the mean value for their M.B.C. predicted on the basis of the two available prediction formulae, namely those of Baldwin and others (1948) and of Wright and others (1949) . We have evidence from other experimental work that the M.V.C. at 50 R.P.M. of our student group does not represent their M.B.C. The M.V.C. reaches a maximum, with our apparatus, at about 65 R.P.M. At this rate it was about 15 litres per minute greater than at 50 R.P.M. Control Experiments.-The spirometer bell was calibrated against the standard recording paper and differences in readings were negligible (± 1.2%).
RESULTS
No special steps were taken to reduce the frictional resistances in our instrument, so it is most probable that the discrepancy between our results and those published previously is not to be explained in terms of an unduly low frictional resistance.
Reproducibility of Results.-Gilson and Hugh-Jones (1949) found that there was a considerable variation in an individual's performance in successive experiments performed on any one day and from day to day. -The spirometer used was not designed to record rapid respiratory rates, so its performance at high rates of movement was tested by using a pump with a constant stroke volume to simulate rapid breathing. The inlet and outlet of the pump were both connected to the spirometer. Fig. 1 shows the apparent output of a pump which had a stroke volume of 2,800 ml. and was manually operated. It can be seen that the recorded volume of the pump output gradually increased with increasing rate up to 55 R.P.M. when it was 134% of the true pump output. At 65 R.P.M. water was aspirated into the connecting tubes and no readings were possible at this or higher rates of pumping. Fig. 1 also shows the recorded output of a pump with a stroke volume of 500 ml. With this small stroke volume no water was aspirated, and it can be seen that at rates up to 40 R.P.M. the pump output was faithfully recorded. At 45 R.P.M. it started to rise, reached 115% of the true pump output at 52 R.P.M., fell abruptly to 57% of the true pump output at 65 R.P.M., and subsequently recorded only slightly more accurately. It was found that the inertia of the moving parts of the spirometer at rapid " respiration " rates caused pressure changes to occur within the bell, which set in oscillation the U-shaped column of water shown in section in Fig. 2 . The water column has a natural resonant frequency which depends upon its length, and at " respiratory " rates in the region of the natural resonant frequency the amplitude of the oscillation is so great that the movements of the bell are affected. The phase relationships between the oscillating column and the moving bell determine whether an increase or a decrease in the recorded volume occurs.
It seems fairly certain that on our instrument results from the M.V.C. at rates above 30 R.P.M., -although repeatable, are liable to serious errors. We think that this is probably a factor in producing the high figures we have obtained at 50 R.P.M., but it is not possible to correct our figures, because the precise manner in which the bell responds to rapid respiratory rates depends on (1) the inertia of the moving parts of the spirometer; (2) the depth to which the bell is submerged; (3) the respiratory rate at which the determination is carried out; and (4) the form of the respiratory airflow curve. A correction could be made in our experiments for (1) and (3), as the inertia is constant and the respiratory rate has been controlled. The depth to which the bell is submerged and the respiratory airflow curve will vary from subject to subject, and it is not possible to correct for these. Table V shows the tidal air of our subjects at 30, 40, and 50 R.P.M. At the bottom of the table the mean tidal air for each rate is given.
The vital capacity cannot be repeated more than about 12 times in a minute. Respiratory rates greater than this can only be achieved by decreasing the depth of each breath, and as the rate is increased the depth must decrease further. The mean value for the tidal air in our subjects at 30 R.P.M. was 274 ml. higher than that obtained at 40 R.P.M. This is a significant difference. Between 40 and 50 R.P.M., however, the tidal air decreased by only 75 ml. This decrease is not significant, and in fact seven of the subjects had a greater tidal air at 50 than they had at 40 R.P.M. Provided the subjects co-operated fully-and, from the high values obtained and our subjective impressions we feel that they did-the absence of a significant decrease in tidal air between 40 and 50 R.P.M. can only be explained on the basis of an apparatus error. It can be seen from Fig. 1 that a positive error is to be expected at 50 R.P.M. DIscussION A group of normal medical students produced higher figures for M.V.C. than a group of normal hospital patients, and we suggest that the difference is due to the lack of wholehearted co-operation on the part of the latter group. Further, as it is not possible to assess accurately the degree of co-operation given by the subject, the test loses much of its usefulness when the maximum ventilatory or breathing capacity is just below the lower limit of the normal range.
The M.B.C. test is used to estimate the efficiency, as a group, of the various mechanical factors concerned in ventilation, and, in a normal person, it is grossly in excess of the number of litres per minute he would breathe during the most strenuous exercise (Robinson, 1938) . The M.B.C. is thus similar to other tests of organ function in that the ventilatory mechanism is overloaded and its response to this overload is measured. In view of the fact that the ventilatory mechanism is overloaded in a test of M.V.C. at 30 R.P.M. (because the tidal air is less than the vital capacity), the same information can be obtained from a determination of the M.V.C. at this rate as can be obtained from a determination of the M.B.C., provided that normal values are known for this rate. The figures obtaine.d for the M.V.C. at 30 R.P.M. of our student group were 82% of their predicted M.B.C. based on Wright's formula.
We suggest that, when a spirometer is used for any form of maximum breathing test, a determination of M.V.C. at 30 R.P.M. is substituted for a determination of M.B.C. for the following reasons.
(1) Spirometers, as usually constructed, are not suitable instruments with which to determine the M.B.C. of individuals who are allowed to choose their own rate of breathing, because they do not record faithfully the tidal air at rates of breathing above 30 R.P.M. This error is necessarily present in all spirometers to a greater or lesser extent, and it cannot be allowed for readily.
(2) Determinations of the M.V.C. at a rate of breathing which is below that which evokes resonance in the moving system (30 R.P.M. with our instrument) will give a more accurate estimate of ventilatory function than will a determination of the M.B.C. which is subject to errors the precise magnitude of which cannot be assessed.
The figures in Table III show that the M.V.C. at controlled rates of breathing is highly repeatable. From the published work it can be seen that this " repeatability" is far higher than that obtained in M.B.C. determinations.
(3) All subjects so far tested have been able to follow a metronome within one or two R.P.M. When the rate is controlled the subject is no longer in doubt as to whether he is to emphasize the rate or the depth factor. SUMMARY Two causes of error in the determinations of maximum breathing capacity and maximum ventilatory capacity have been examined. (1) The degree of co-operation given by a subject cannot be estimated accurately. A student group giving full co-operation gave significantly higher figures in the maximum ventilatory capacity test than those obtained from control hospital patients. (2) An apparatus error, inherent in all spirometers, which cannot easily be allowed for becomes important at high respiratory rates.
It is proposed that the maximum ventilatory capacity at 30 respirations per minute be determined instead of the maximum breathing capacity. This procedure would have the following advantages: (a) It would enable the test to be carried out in the least inaccurate range of the spirometer. (b) The results thereby obtained are more reproducible than those obtained in maximum breathing capacity determinations.
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